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Abstract: 
  
Until about 1920, world was essentially based on use of materials for agro-based resources. With the 
coming of high performance metals, ceramics, plastics and other synthetics, the use of agro-based 
derived materials has lost its market share. Now, we are aware that our landfills are filling up, our 
resources are depleted and our planet becoming polluted. Today, it is not more to prove detrimental 
interest of synthetic materials (plastics or formaldehydes adhesives) on the environment and human 
health. Because of this, there is renewed interest of technologies which respect environment for the 
production of materials and products recyclable and biodegradable. In this article we present results 
of a prospecting study and qualitative evaluation of properties of natural binders in Grewia venusta 
stem bark and Bombax costatum calyx flower sepal. These two mucilaginous plants were studied as 
potential bio adhesive sources in the development of formaldehyde-free particleboard. Mucilage and 
pectin fractions of both plant organs were analysed for monosaccharides identification and 
quantification. The binding properties of these mucilages were investigated by testing mechanically 
particleboard made with the extracted mucilages. The aqueous extraction and ethanolic precipitation, 
followed by ionic chromatography gave of some qualitative results interesting. The mechanical tests of 
the panels realised following the standard requirements ANSI 208.1, have given interesting results. 
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1 Introduction 
 
There is a greater awareness of the need for materials which respect the environment in an expanding 
world population with increasing affluence. Mucilage is part of the plant polysaccharides fraction 
capable of becoming viscous by swelling in water, and in vivo it serves as a water reservoir. Its 
structural role in the plant includes ensuring thickening, adhesive and softening properties. Mucilage is 
widely used by rural populations in several countries, namely as natural active ingredients to purify and 
clarify drinking water. It is also used as adhesive to enhance the adhesiveness of lime in murals and in 
lime mortar (Cardenas, et al. 1998 [9]). Pectin is another mucilaginous substance not soluble in water, 
where it disperses in very fine particles. Pectin is present in many plant parts like tuber, fruit, stem 
bark, and is often used as thickener in jams and emulsifier in mayonnaises and in sorbets. As dietetic 
fibers, mucilage and pectin are involved in the control of the cholesterol level in blood plasma (Lucas, 
et al. 2004 [18]) and glycaemia (Aller, et al. 2004 [1]; Ziai, et al. 2005 [27]). 
The proven toxicity of formaldehyde to humans (Collins and Lineker, 2004 [10]; Kim and Kim, 2004 
[17]) has prompted research throughout the world to provide manufacturers with safer and 
environmental friendly alternative adhesives for the manufacture of indoor building materials like 
particleboards, where the conventional adhesives are the formaldehyde-based phenoplastes (phenol-
formaldehyde) or aminoplastes (urea-formaldehyde). Polysaccharides such as starch are known for 
their applications in various materials domains. Adhesive properties of starch modified by physical, 
chemical or physicochemical way were known for their use as matrix in composite applications 
(Garcia et al. 2001 [14], Del-Valle et al. 2005 [12], Shibata et al. 2006 [23]). In our attempt to 
contribute to the development and promotion of natural adhesives without any or with low 
formaldehyde emission, based on plant binders, we have been investigating relevant organs of some 
typically tropical plant species known to contain biomolecules with binding properties including 
mucilaginous plants like Grewia venusta and Bombax costatum. 
The aim of this study was to undertake a prior chemical characterization of the potential mucilaginous 
bioadhesives through identification and quantification of the monosaccharide constituents in Grewia 
venusta stem bark and in Bombax costatum sepal. Both plant organs may provide substances with 
binding properties that could be probably used as natural and biodegradable adhesives for the 
manufacture of ecological particleboards with zero emission of formaldehyde. 
 
2 Materials and Methods 
 
The plant material used in this study consisted of particles from the core of Hibiscus cannabinus 
(kenaf) and dried powder of Grewia venusta stem bark and Bombax costatum flower sepals as binding 
matter. These plant specimens (Baumer M., 1995 [4]) were identified in Togo by Professor Akpagana 
team (University of Lomé), (Guyot M. (1992) [16]. The Hibiscus cannabinus was obtained from an 
experimental cultivation in the "Agro pedagogic Experimental Station” of the Superior Agronomic 
School of the University of Lomé (Prof. Sanda). The stem bark of Grewia venusta was harvested from 
wild growing plants in a locality of the Togolese savannah ecological area located at 6.42-8.4 degree 
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northern latitude and 0.5-1.60 degree eastern longitude. The flower sepals of Bombax costatum were 
bought in a local market in Lomé. 
 
2.1 Hibiscus cannabinus L. (Kenaf) 
 
Hibiscus cannabinus L. or Hibiscus sabdariffa L, commonly called kenaf (Photos 1), is often known 
as multiple vernacular names around the world: deccan hemp, Guinea hemp, Java jute, Bombay hemp, 
teal, dah, gambo (Berhaut, 1979; Stricker et al., 1993) or kalokaa in Togo. From the Malvaceae family 
(Berhaut, 1979; Stricker et al., 1993), kenaf is a plant originally from Sudan, where it has been 
domesticated for its fibers and introduced in the tropics and in south-eastern Europe (Webber and 
Bledsoe, 2002; Webber et al., 2002). Annual herbaceous plant (Photos 1.a) at thorny cylindrical rod 
(1– 2 cm diameter), kenaf includes several varieties which can reach sizes of 1 to 4 m (Photos 1.b). It 
is a rooting swivel plant with white, yellow or purple flowers and fruit in pubescences capsules 
containing several seeds (photos 1.c). The kenaf development cycle is 3 to 5 months. Average yields 
of dry stems of kenaf are 10 to 16 tonnes.ha
-1
 (Horn et al., 1992 ; Stricker et al. 1993; Nabédé, 2000, 
2002) 
The kenaf does not like the cold and grows naturally in grassland savannas at moderate pluviometry 
(500-625 mm). Very sensitive to temperature, photoperiods and nematodes, the world production of 
kenaf fiber is average estimated 400,000 tonnes/year. In Africa, the kenaf is mainly produced for the 
traditional rope with some industrial experiences very limited in Nigeria and Sudan (Bukenya-Ziraba, 
2004). 
The kenaf peduncle consists of a stem bark with 35% of long fibers (hemp) (Photos1.d) and core with 
65% of short wood fibers. All parts of the kenaf are useful for very different purposes: vegetables, oil, 
tannin, forage, compost, ethno medicines, fuels, colouring...(Stricker et al., 1993; Bezpaly, 1994 ; 
Agbor et al., 2003 ; Nabédé, 2000 ; Bukenya-Ziraba, 2004). 
In the field of materials, the kenaf is a source of material for the textile industry, twine, cordage, ropes, 
packaging, litter, industrial wadding, pulp paper, particleboards or fibers, plastics, bio-pesticides, felt 
panels etc. (Stricker et al., 1993 ; Rowell, 1995 [19];  Kobaizy et al., 2001 ; Webber et al., 2002 ; 
Bukenya-Ziraba, 2004; Soulama et al., 2014 [24]). 
In Togo, our research on the kenaf have been funded by the French Embassy in Togo (SCAC-Lomé) 
as part of the University Cooperation between Franche-Comté Universities (UFC-Besançon and 
UTBM-Belfort/France) and the University of Lomé (Togo-UL); (Atcholi KE. et Sanda K. 2004 [3]).  
These works have allowed to create in UL-Togo a Research Unit on the Agroressources and 
Environmental Health (URASE) for experiment the cultivation, the harvest, the conditioning, the 
packaging and the fibers supplying of two kenaf varieties: precocious variety (90 days), late variety 
(150 days) whose average yields of dry stems are respectively estimated at 12 and 18 tonnes.ha
-1
. 
Table 1 gives experiment cultivate data 
An experimental device (a Thermopresse and a grinder) was established in URASE (CCL-Togo) to 
test the fabrication of particle board by grinding of kenaf. 
This kenaf of Togo has also been tested in France for preparing the pulp. These tests have given pasta 
length varying from 1,7 to 2,1 km, breaking index 1.1 to 1.53 KPa. m
2
g
-1
 and tearing of index explode 
636 to 2365 mN. m
2
g
-1
. These tests are conclusive but very costly energy (water, electricity..) for a 
local industrial production of paper pulp. 
Overall, the results of various investigations on the kenaf (suitable for cultivation, renewable, 
available) are very encouraging, and thus motivate the choice of this plant as a source of 
lignocelluloses fibers for the development of particleboards. 
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Table 1: Experimental data on kenaf cultivation in Togo (2002) 
 Plant 
diameter 
(cm) 
Plant 
height 
(cm) 
Report mass  
Stem bark 
/wood 
Fibers rate  
of dry bark 
(%) 
Dry stalk 
yield 
(tonnes.ha-1) 
Dry fibers 
yield 
(tonnes.ha-1) 
Precocious 
Kenaf (90 days) 
1 213 35/65 55 12 2.4 
Late Kenaf 
(150 days) 
2 270 36/64 56 18 3.6 
 
 
   
 
 
a: Plants grow b: Young plants c: Flowers d: Stem Bark Fibers 
 
 
2.2 Grewia venusta Fresen 
 
From the Tiliaceae family, Grewia venusta Fresen, is known as synonyms Grewia mollis A. Juss.var. 
petitiana (A.Rich.) Burret, Grewia flavescens C. Juss, and vernacular names Nano, Nogo, Kéli, 
Gogoraeh, Donkeyberry, Lagangi, Mukoma (Hines et Eckman, 1993). Grewia venusta is a species of 
tree from tropical savannas of Africa. It is found in the temperate Asia and on the Arabian Peninsula 
(Burkill, 1985; Hines et Eckman, 1993).  
This tree can reach 3 to 10 m high with of large branches (Photos 2) often square, flowers yellow star 
shape, orange-Browns fruit (10 mm diameter) with usually 2 seeds (Hines et Eckman, 1993). The 
bodies of this plant are used as: vegetable, plant salt, rope, beverage, forage, medicine…(Burkill, 
1985; Hines et Eckman, 1993). Viscous and blowing aspect that give the leaves and bark to culinary 
or ethno medical preparations led us to choose bark of this plant as a potential source of pectin that can 
be used as adhesives in developing particleboards. 
 
   
        a: Flowering stem            b : Fruit 
Photos 2 : Grewia venusta 
 
Photos 1 Hibiscus cannabinus 
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2.3 Bombax costatum Pellegr. & Vuillet 
 
Commonly known as tree flowers red or false kapok tree (Berhaut, 1974), Bombax costatum is a 
large tree of red or orange flower in tropical savannas. This species of African origin is the 
Bombacaceae family (Berhaut, 1974; Burkill, 1985). Bombax costatum has several synonyms 
Bombax andrieui Pellegr. et Vuillet, Bombax vuiletii Pellegr.. (Burkill, 1985) and is known under 
various vernacular names: boumbou, diohé, loukoun...(Berhaut, 1974; Burkill, 1985). In Togo it 
takes the names of: fula, afobil, tode, mulodu. Bombax costatum is a deciduous tree (Photos 3) 
which can reach 10 to 25 m in height. Resistant to bush fires and drought, this species is adapted 
to tropical soils ferruginous. Plant propagation is most often done by till or by natural 
regeneration. Bombax costatum is a plant little cultivated but protected by local people for many 
uses of these bodies (Photos 3.b.c) (food, drink, oil, medicines, honey species, forage, mattress, 
pirogue building material, production of kitchen utensils, stalks matchbox...) (Berhaut, 1974). 
The character remarkably blowing, heavy and glutinous of Bombax costatum calyx-based 
preparations shows its wealth in mucilage. What led us to choose the sepals of flowers of 
Bombax costatum as sources of polysaccharides that can be used adhesives in the development 
of particleboards. 
   
     a: Tree in flower          b: flower           c: calyx   
Photos 3 Bombax costatum 
 
3 Evaluation of crude protein, cell wall constituents and total 
fat 
Vegetable protein can transformed materials by thermomechanical, chemical or biochemical 
treatments. These changes can improve the function of molecules by cleavage of their structure and 
therefore improved accessibility of reactive sites for the formulation of the materials. The resulting 
modified products can be made directly into heat or textured adhesives in plastic materials (Wang et 
al., 1996; Zhang et al., 1998; Rigal, 2005; Rouilly et al., 2006). In the present case, the determination 
of the crude protein content was performed according to the conventional Kjeldahl method. The 
dosage of the cell wall constituents (cellulose, hemicelluloses and lignin) was performed according to 
the conventional gravimetric method of Van Soest and Wine also known as ADF-NDF (Acid 
Detergent Fiber-Neutral Detergent Fiber) method. 
 
3.1 Extraction of mucilage 
 
For each organ of plant, a sample of 150g of dried fine powder of plant material was mixed with 
demineralised water (4500 ml for Grewia venusta stem bark powder and 600 ml for the sepal powder 
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of Bombax costatum). The suspension thus obtained was boiled for 1 hour, cooled at room 
temperature (20°C) and centrifuged for 15 minutes at 5000 rpm. The gelled solution collected was 
finally freeze-dried. 
 
3.2 Extraction of pectin 
 
For each organ of plant, a sample of 50g of plant material (dried stem bark powder of Grewia venusta 
or fine dried sepal powder of Bombax costatum) were macerated in 500 ml of demineralised water for 
24 hours at 20°C (Cardenas, et al. 1997 [8]; Saenz, et al. 2004 [20]). The resulting aqueous macerate 
was centrifuged (25°C; 5000 rpm, 15 min). To supernatant filtered was mixed with 80% aqueous 
ethanol until precipitation of pectin. The mixture obtained was again centrifuged (3000 rpm; 25°C; 20 
min) to yield a precipitate, which was finally freeze-dried as above or oven-dried (70°C; 48 hours). 
Experiments were carried out in triplicate. 
 
3.3 Hydrolysis of mucilage and pectin 
 
The mucilage and pectin obtained as above mentioned were hydrolysed for monosaccharides 
identification and quantification. Thus a 5g sample of mucilage or pectin was reacted in 500 ml erlen 
flask with 150 ml H2SO4 (72% m/m; 12 M) for 30 minutes at room temperature (approximately 25°C). 
In the second phase of the hydrolysis process, and for each reaction duration tested, a sample of 5 ml of 
this acidic reaction mixture were taken in 50 ml test tube, then diluted to 2 M with 25 ml of 
demineralised water, heated to 100°C and kept at this temperature in water bath for varying durations 
(15, 30, 45, 60, 90 and 120 minutes) in order to study the kinetics of the monosaccharides formation. 
This hydrolysed solution was cooled, neutralized with NaOH 32% (m/v), centrifuged, (5000 
rounds.min
-1
, 15 min) (Davis, 1998 [11]) and the supernatant recovered for dosage by High Pressure 
Liquid Ionic Chromatography (HPLIC). Experiments were carried out in triplicate. 
 
3.4 Determination of the glucuronic acid 
 
The content in glucuronic acid was obtained according to the method developed by Blumenkrantz and 
Asboe-Hansen, 1973 [7], which includes an acid hydrolysis of the mucilage or pectin and  
their subsequent dosage by UV spectroscopy at 520 nm 
 
3.5 Determination of sugar components (extractable totals 
components) 
 
The separation and quantification of sugar components was performed on aliquots of the supernatants 
yielded by the double hydrolysis of mucilage and pectin using HPLIC. The analysis was carried out on 
a chromatographic chain of the DIONEX BIO DX 300 type equipped with a CarboParc PA1 type 
column. The later is recommended for monosaccharides compositional analysis, linear homopolymer 
separation and saccharides purification. Its resin consisted of a 10 m diameter polystyrene 
divinylbenzene substrate agglomerated with 350 nm MicroBead quaternary amine functionalized latex 
(5% cross-linked) and had the following other characteristics: 
(i) anion exchange capacity: 100 eq per 4 x 250-mm column; 
(ii) flow rate: 1 ml/min (4 x 250-mm column); 
(iii) pH compatibility: 0-14; 
22
ème
 Congrès Français de Mécanique                                               Lyon, 24 au 28 Août 2015 
 
 
 
(iv) organic solvent compatibility: 0-2 %, 
(v) Maximum back pressure: 28 MPa.  
 
The elution was achieved by a system of three eluents which were: NaOH 1 M (El), Water UHQ (E2) 
and NaOH 100 mM (E3) with the following gradient of elution: 99% (E2) and 1% (E3) for the first 30 
min, 100% (E3) from 30 to 39 min and 100% (El) from 39 to 50 min. The standards used were 
commercial arabinose, galactose, rhamnose, fucose, maltose, sucrose, fucose, glucose, and mannose 
from FLUKA with more than 99% purity. Analyses have been repeated three times. 
 
4 Preparation of kenaf core particles: Laboratory scale 
particleboard manufacturing 
 
The chopped kenaf core was oven-dried (70°C, 48 hours) and milled into particles using a RETSCH 
SM 100 type crusher equipped with a 5 mm mesh sieve, which gave 67% of particles with diameter 
varying from 0.25 to 1.60 mm, length from 1 to 7 mm and variable fibers length from 5 to 19 mm. 
The binders used in particleboard manufacturing were freeze dried mucilages extracted from Bombax 
costatum calyx and stem bark of Grewia venusta on the one hand and Urea Formaldehyde resin, (106, 
liquid: viscosity at 25°C: 90 cp; dry matter content: 65%; Sp Gravity: 1,286 and pH:8), purchased 
from Chimar Hellas S.A. (Greece) on the other hand. 
For each panel manufacturing, the binder (powder freeze dried mucilage of Bombax costatum calyx or 
Grewia venusta stem bark or liquid UF resin) was incorporated to the kenaf core particles in the rate 
of 10% on the basis of fiber dry matter The mixture of kenaf core particles and binder (300 g dried 
matter) was humidified with 40 g of the demineralised water The mixture was firstly mixed manually 
during 2 min then mechanically during 10 min in a mixer. 
The mat thus obtained was thermal pressed in an aluminium mould (27 cm x 27cm x 5 cm) placed 
between two electrically heated (108°C) plates of a manual hydraulic thermal pressing machine 
(maximum pressure: 11 tons.m-
2
) (Photos 4.a) and the pressure was gradually applied as follows: 5 
tons
-2
 for 60 seconds and then 10 tons.m-
2
 for 4 minutes. 
The panel was then removed from the mould and weighted after cooling (Photos 4.b). 
 
Table 2: Main components of tested plant organs 
 
 
 
 
 
 
 
 
 
Chemical components were quantified as a percentage of the total dry weight. 
 
 
 
 
 
 
Content (%) Tested plant species (organ) 
 Grewia venusta 
 (stem bark) 
Bombax costatum 
(sepal) 
Mineral 
matter 
9.55 5.47 
Fatty matter 1.14 0.83 
Crude 
protein 
4.06 7.87 
Crude 
cellulose 
50.32 22.58 
Hemicellulo
ses 
21.12 39.82 
Lignin 3.82 4.95 
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  a: Thermopresse, b: particleboard; c: samples; d: bending test 
Photos 4: Experimental Device of particleboard manufacturing 
 
5 Mechanical testing of the particleboards 
 
Six (6) specimens measuring 150 mm x 50 mm and 6 specimens (50 mm x 50 mm) (Photos 4.c) were 
cut from each particleboard according to the NF-EN 326-1 (1993) standard and conditioned at 20°C, 
65% relative humidity for 14 days before testing. The 150 x 50 specimens were used for bending 
testing according to the NF-EN 310-1 (1993) standard (Photos 4.d).and the 50 x 50 specimens for 
internal bond strength testing on in accordance with the NF-EN 319, (1993) standard requirement. 
STATISTICA V5.5 software was used for the statistical analysis of the data 
6 Results and Discussions 
 
6.1 Gravimetric characteristics of the tested plant organs 
 
The plant organs studied in this work were basically made of carbohydrate polymers including 
cellulose and hemicelluloses (a total of 62.40% in the sepal of Bombax costatum and 71.44% in the 
stem bark of Grewia venusta of the dry matter) (Table 2). The crude protein content of our Bombax 
costatum sample was very close to that reported (7.8%) by Glew et al. 1997 [15] for the same plant 
organ. The total mineral was higher than that reported by the same authors (2.0%); but they found 
higher content of fatty matter (2.5 %). The broad variability of the chemical composition of plant 
material is a well known phenomenon related to various factors. We could not find any literature 
reports for comparison to our findings on Grewia venusta which is most probably a 
lesser known mucilaginous species. 
 
 
 
a b 
 
c 
 
d 
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6.2 Yield in mucilage and pectin 
 
The content of our plant organ samples in water extractible was species-dependent. Indeed, the yield of 
mucilage extraction was 20% and 45% respectively for Grewia venusta and Bombax costatum (Table 
3). In the same manner, Bombax costatum contained much pectin (33.7%) than Grewia venusta 
(12.0%), These extraction yields were very high as compared to previous findings on other 
mucilaginous plant species yield in mucilage: 9-19 % for Opuntia ficus indica cladodes (Saenz, et al. 
2004 [20]); 24.9% and 17.7% in Prosopis chilensis seed depending on the extraction method (Estevez, 
et al 2004 [13]). 
 
6.3 Carbohydrate content in tested plant organs 
 
The yields of glucuronic acid from the hydrolysis of mucilage and pectin reported in Table 3 show that 
the contents depended on the plant species. Indeed, the hydrolysis of freeze-dried mucilage of 5. 
costatum yielded more glucuronic acids (58.03%) than that of G venusta (49.73%). Conversely, the 
hydrolysis of freeze-dried pectin of Grewia venusta yielded more glucuronic acid (61.12%) than that 
of Bombax  costatum (49.15%). It could be assumed that the content in mucilage and pectin depended 
on the plant species as Bombax costatum seemed to contain more mucilage than Grewia venusta.  
Conversely, the later species appeared richer in pectin than the other one. Obviously too many 
parameters are capable of explaining this findings and at this stage of our investigation we could only 
link them to the difference of both plant species. 
Our results compared with the yields (16.5 to 63% of dry weight, based on carboxylic group dosage) 
in galacturonic acid obtained by Vignon and Garcia-Jaldon, 1996 [25] on hemp polysaccharides. But 
these yields in uronic acids were much higher than those claimed by several authors with different 
mucilaginous plant species: 8.7% on the fruit of Cordia abyssinica (Benhura and Chidewe, 2002 [6]), 
4.4% in the mucilage of the fruit of Zizyphus spina-christi (Nazif, 2002), 6.3% in the spine of prickly 
pear {Opuntia ficus-indica) (Vignon, et al 2004 [26]), 30% in the mucilage from the seed coat of 
Chorisia speciosa a Bombacaceae species (Beleski-Cameiro, et al. 2002 [5]). 
The main identified sugars in the hydrolyzed pectin and mucilage are listed in Table 3 below. The 
pectin in the sepal of Bombax costatum consisted mainly of arabinose (57%) and rhamnose (28.71%). 
They were also found as main constituents in the mucilage of the same organ in addition to glucose 
(19.22%), mannose (14.86%), and fucose (8.57%). The most striking difference was the absence of 
glucose and mannose in the pectin. No previous experimental data could be found for discussion, but 
(Beleski-Cameiro, et al. 2002 [5]) found that the monosaccharides of the mucilage of the seed coat of 
Chorisia speciosa (Bombacaceae) were mainly galactose (54%), rhamnose (25%) and glucose (21%). 
In 5. costatum, galactose was not detected in this study. 
The pectin from the stem bark of G. veusuta yielded mainly arabinose (33.96%), glucose (31.47%) and 
fucose (15.25%), associated with little amount of rhamnose (5.97%), mannose (5.96%) and maltose 
(4.90%). The mucilage of this organ produced glucose (48.80%) and xylose (26.40%) as the major 
constituents. 
The overall observation was that the sugar composition of pectin differed from that of mucilage within 
the same organ. Moreover the sugar composition of pectin and mucilage seemed species-dependent. 
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Table 3: Extraction yield and composition of mucilage and pectin  
of Bombax. costatum and Grewia venusta. 
 
 
 
 
 
 
 
 
 
 
 
 
 
6.4 Mechanical properties mucilages based particleboards 
 
The particleboard obtained in this work was low density insulation type with an average density of 
435.62+21.85 kgm
-3
. This type of particleboard usable for ceiling and for wall coating is slightly 
higher than that obtained by Sellers et al. 1993 [21] (256 kg.m
-3
) on the kenaf core particleboards with 
Urea Formaldehyde (UF), Phenol Formaldehyde (PF) and Polymeric Diphenylmethane Diisocyanate 
(PMDI) resins. 
Figure 1 shows variation of the particleboards mechanical's properties as function of nature of binder 
used for their manufacturing. Comparing the flexural modulus of elasticity (MOE), this figure revealed 
that specimen containing mucilage extracted from the calyx of Bombax costatum presented the highest 
modulus (565.36 MPa) while the specimens of panels with the two other types of binders: mucilage 
from stem bark of Grewia venusta and a conventional particleboard resin Urea Formaldehyde (UF) 
used as reference. Grewia venusta and UF and showed respectively 484.17 MPa and 490.40 MPa, 
identical MOE. Of the three types of particleboards, only the panels containing Bombax costatum 
mucilage reached the value required by the American Standard ANSI 208.1 (550 MPa) [2] for the MOE 
of this type of panels.  
The bending strength properties (MOR) of all the specimens of the panels obtained met the ANSI 208.1 
standard requirements (3 MPa) [2]. Comparing the effect of the types of adhesives on the bending 
strength, the conventional binder (UF) showed the best average value of the MOR (4.89 MPa) which 
was statistically higher than those observed with mucilage based panels (4.01 MPa and 3.73 MPa). The 
origin of the mucilage didn't have any influence on the MOR values of the panels. 
All the particleboards made in these studies showed average Internal Bond strength (IB) properties 
equal or higher than that required by standard ANSI 208.1 (0.1 MPa) [2] for the type of panels made. 
For this parameter, the Bombax costatum calyx mucilage had an identical effect on the panels that UF 
resin.  
The IB value obtained with the panels containing Gravia venusta stem bark mucilage was slightly low 
compared those induced on the panels by the other types of adhesive. 
We did not find in the literature experimental data relating to the specific use of mucilages as binder in 
manufacture of particleboards. Nevertheless, Shibata et al. 2006 [23] working on hot press forming 
composites manufactured with com-starch-based resin reinforced with 60% of fibers from two types 
of kenaf, obtained on their panel, flexural properties very high compared to ours (MOE : 4 to 4.5 GPa; 
Sugar 
component 
Grewia venusta 
(%) 
Bombax costatum 
(%) 
 Mucilage Pectin Mucilage Pectin 
Extraction 
yield 
20 12 45 33.7 
Glucuronic 
acid 
49.73 61.12 58.03 49.15 
Rhamnose 8.74 5.97 12.21 28.71 
Fucose 6.93 15.25 13.31 7.19 
Arabinose 4.24 33.96 28.13 57.27 
Glucose 48.80 31.47 19.22 - 
Mannose - 5.96 14.86 - 
Xylose 26.40 - 8.57 1.18 
Sucrose 3.14 - 3.70 - 
Maltose 4.901 1.76 5.64 - 
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MOR : 40 to 65 MPa). This significant superiority of the results obtained by these authors, compared 
to ours can be explained by: 
(i) the proportion of resin in the panels which was 40% for Shibata et al. 2005 [22] specimen against 
10% in our panels;  
(ii) the matrix that we used was not submitted to any improving modification; 
(iii) we used kenaf core distinctly less dense and thus highly more compressible than the fibers 
employed by the author Shibata et al. 2005 [22] revealed that fiber compression affected 
considerably the flexural modulus. 
 
 
 
 
 
 
 
 
 
Figure 1: MOE (MPa), MOR (MPa) and IB (KPa)  
UF: Urea formaldehyde resin;  
MOE: Bending modulus of elasticity;  
MOR: Bending strength; 
IB: Conventional Internal Bond strength 
 
Table 4 Effect of binding mucilaginous extracts on mechanical behavior of kenaf based particleboards 
 
 
 
 
 
 
 
 
7 Conclusion 
 
In view of their possible used as bioadhesives in ecological particleboards, the water extractible 
carbohydrates isolated as pectin and mucilage from Grewia venusta stem bark and Bombax costatum 
sepal, both tropical mucilaginous plant species growing wild in Togo, have been analysed for their 
pectin and mucilage monosaccharides identification and percentage composition. Thermo gravimetric 
determination showed that cell wall constituents totalled 67% and 75% respectively in Bombax 
costatum sepal and Grewia venusta stem bark. Depending on the plant species and the extraction 
method, the content of tested plant organs in water extractible carbohydrates varied from 12% to 45%. 
Recovery of extracted pectin and mucilage was best achieved by freeze-drying than oven-drying. The 
major monosaccharides identified in Bombax costatum sepal were rhamnose, fucose, arabinose, 
Binders 
MOE 
(MPa) 
MOR 
(MPa) 
IB 
(MPa) 
Urea Formaldehyde (UF) 490.4 4.89 0.16 
Grewia venusta  
stem bark mucilage 
484.17 3.73 0.1 
Bombax costatum  
calyx mucilage 
568.36 4.01 0.16 
American Standard  
ANSI 208.1, 1999 
550 3 0.10 
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glucose, mannose and xylose. Grewia venusta stem bark contained mainly fucose, arabinose, glucose 
and xylose. The mucilages extracted were used as matrix for manufacturing of low density kenaf core 
particleboard (435.62+21.85 kg.m
-3
). Mucilages based panels revealed mechanical characteristics 
relatively weak but equivalent to those induced by Urea Formaldehyde. Independently of the nature of 
the matrix used, the bending strength and the internal bond strength of all of the elaborated specimens 
reached ANSI, 208.1 standard requirement [2]. But on the other hand, only the panels containing 
Bombax costatum calyx mucilage got a MOE in conformity with this standard. 
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